1— ^  l 


PNE  1107 
PART  II 


I 


II 


a 


"Plowshare 


<  }  c*. 


VA 


civil,  industrial  and  scientific  uses  for  nuclear  explosives 


UNITED  STATES  ARMY  CORPS  OF  ENGINEERS 


FORT  PECK  RESERVOIR 
MONTANA 


PROJECT 


PRE-GONDOLA  I 


DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


CRATER  STUDIES:  SURFACE  MOTION 

CAPTAIN  W.  G.  CHRISTOPHER 
J.  E.  LATTERY 

U.  S.  Army  Engineer  Nuclear  Cratering  Group 
Livermore,  California 


U.  S.  Army  Engineer  Nuclear  Cratering  Group 
Livermore,  California 


ISSUED:  FEBRUARY  1969 


Printed  in  USA.  Available  from  the  Clearinghouse  for  Federal 
Scientific  and  Technical  Information,  National  Bureau  of  Standards, 
U.  S.  Department  of  Commerce,  Springfield,  Virginia  22151 
Price:  Printed  Copy  $3.00;  Microfiche  $0.65. 


PNE-1107  Part  II 
FINAL  REPORT 


PROJECT  PRE -GONDOLA  I 

CRATER  STUDIES:  SURFACE  MOTION 


Captain  W.  G.  Christopher 
J.  E.  Lattery 

U.  S.  Army  Engineer 
Nuclear  Cratering  Group 
Livermore,  C  alifornia 


November  1968 


Reproduced  From 
Best  Available  Copy 


1 


20011105  099 


EE 


ABSTRACT 


Project  Pre-Gondola  I  was  a  series  of  chemical  explosive,  single-charge  crater¬ 
ing  experiments  in  weak,  wet  clay  shale  conducted  by  the  U.S.  Army  Engineer  Nuclear 
Cratering  Group  as  a  part  of  the  Joint  Atomic  Energy  Commission-Corps  of  Engineers 
nuclear  excavation  research  program.  The  four  20-ton  (nominal)  charges  were  deto¬ 
nated  during  the  period  25  October  to  4  November  1966,  near  the  edge  of  Fort  Peck 
Reservoir  approximately  18  miles  south  of  Glasgow,  Montana. 

Motions  of  the  ground  surface  were  measured  by  high-speed  photography  of  sur¬ 
face  targets  which  had  been  positioned  as  far  as  96  feet  from  each  surface  ground  zero 
(SGZ).  The  results  indicated  that  the  maximum  SGZ  velocities  recorded  for  these 
detonations  were  larger  than  those  for  cratering  detonations  in  other  media  at  com¬ 
parable  scaled  burial  depths.  The  four  Pre-Gondola  I  detonations  produced  maximum 
SGZ  velocities  of  255,  200,  167,  and  139  ft/ sec  for  scaled  burial  depths  of  152,  167, 
187,  and  202  ft/kW^,  respectively.  Maximum  resultant  surface  velocities  for  the 
three  shallowest  detonations  varied  approximately  as  the  -2.2  power  of  the  radial 
distance  from  the  charge.  The  maximum  resultant  surface  velocities  for  the  deepest 
detonation  varied  approximately  as  the  -2.9  power  of  the  radial  distance  from  the 
charge. 
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PREFACE 


This  report.  Part  II  of  PNE-1107,  is  the  final  report  of  surface  motion  measure¬ 
ments  for  the  Pre-Gondola  I  cratering  calibration  series.  Part  I  covers  the  crater 
measurement  study  and  ejecta  study  programs. 

The  authors  wish  to  acknowledge  the  advice  and  assistance  given  by  Robert  W. 
Terhune,  Lawrence  Radiation  Laboratory,  Livermore,  California,  not  only  in  computer 
data  processing,  but  in  interpreting  the  results. 

Both  Robert  Terhune  and  Robert  F.  Rohrer,  Lawrence  Radiation  Laboratory, 
Livermore,  California,  gave  valuable  advice  in  the  initial  design  of  the  surface  motion 
program  of  Program  Pre-Gondola  I. 
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CHAPTER  1 
INTRODUCTION 


1.1  DESCRIPTION  AND  PURPOSE 


Project  Pre-Gondola  I  was  a  series  of  chemical  explosive,  single-charge  crater¬ 
ing  experiments  in  weak,  wet,  clay-shale  conducted  by  the  U.  S.  Army  Engineer 
Nuclear  Cratering  Group  (NCG)  as  a  part  of  the  joint  Atomic  Energy  Commission- 
Corps  of  Engineers  nuclear  excavation  research  program.  The  purpose  of  the  Pre- 
Gondola  I  cratering  calibration  series  was  to  calibrate  the  project  site  with  respect  to 
cratering  characteristics  and  to  provide  a  basis  for  design  of  the  proposed  Pre- 
Gondola  II  and  Pre-Gondola  III  row -charge  cratering  detonations  in  the  same  medium. 

The  Pre-Gondola  I  detonations  were  conducted  in  Valley  County,  near  the  edge  of 
the  Fort  Peck  Reservoir  (see  Figure  1.1)  approximately  18  miles  south  of  Glasgow, 
Montana,  as  follows: 


Event  _ Date _ 

Bravo  25  October  1966 

Charlie  28  October  1966 

Alfa  1  November  1966 

Delta  4  November  1966 


Time  (MST) 
1000:00.760 
1200:00.654 
1000:00.275 
1000:00.032 


Longitude 
W  106°  38*  24.894" 
W  106°  38*  29.974" 
W  106s  38' 15.325" 
W  106®  38' 38.134" 


Latitude 

N  47°  55*  46.154" 
N  47°  55'  53.294" 
N  47®  55*  46.570" 
N  47®  55' 48.077" 


The  four  20-ton  (nominal)  spherical  charges  of  liquid  explosive  nitromethane 
(CHgN02)  produced  the  following  craters: 


Event 

Charge 

Weight 

tons 

Depth  of  Burst 
feet  meters 

Apparent 

Crater  Radius 
feet  meters 

Apparent 
Crater  Depth 
feet  meters 

Charlie 

19.62 

42.49 

12.95 

80.4 

24.50 

32.6 

9.94 

Bravo 

19.36 

46.25 

14.10 

78.5 

23.93 

29.5 

8.99 

Alfa 

20.35 

52.71 

16.07 

76.1 

23.19 

32.1 

9.78 

Delta 

20.24 

56.87 

17.34 

65.1 

19.84 

25.2 

7.68 

7 


^Airport  -  Paved  Road  Scale  in  Miles 

«j^4>  Landing  Strip  —  —  —  —  Graded  Road 


Fig.  1.  1.  Site  location.  Project  Pre-Gondola 


1.2  BACKGROUND 

To  assist  in  seismic  site  calibration  and  to  provide  preliminary  information  for 
the  design  of  the  Pre -Gondola  I  experiment,  NCG  had  earlier  conducted  the  following 
Pre-Gondola  Seismic  Site  Calibration  Series  at  the  Pre-Gondola  I  site: 
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Event 

Date 

Time  (MST) 

Longitude 

Latitude 

SC-1 

20  June  1966 

0845 

W  106°  38' 30.573" 

N  47s  55' 48.383" 

SC -4 

21  June  1966 

0811 

W  106°  38*  35.059" 

N  47s  55'  53.380" 

SC-2 

22  June  1966 

0805 

W  106s  38'  20.792" 

N  47s  55*  48.181" 

SC -3 

23  June  1966 

0837 

W  106s  38'  29.495" 

N  47s  55' 44.579" 

The 

four  1000-pound  spherical  charges 

of  nitromethane  produced  the  following 

craters: 

Event 

Depth  of  Burst 
feet  meters 

Apparent 

Crater  Radius 
feet  meters 

Apparent 

Crater  Depth 
feet  meters 

SC -4 

12.2 

3.72 

24.5  7.48 

13.0  3.96 

SC -2 

15.8 

4.81 

27.3  8.32 

12.5  3.81 

SC-1 

19.1 

5.82 

7.1*  2.16 

2.8*  0.85 

SC-3 

23.3 

7.10 

14.6*  4.45 

3.4*  1.04 

Results  from  the  1000-pound  Pre-Gondola  Seismic  Site  Calibration  Series  indi¬ 
cated  that  the  surface  velocities  for  detonations  in  Bearpaw  shale  are  somewhat  higher 
than  would  be  predicted  from  experience  in  basalt,  and  that  gas  acceleration  is  a  more 
important  mechanism  in  producing  surface  velocities  in  this  medium  than  in  basalt. 
However,  there  were  no  data  for  direct  comparison  because  the  only  surface  motion 
data  for  shots  in  basalt  are  at  the  20-ton  level  and  above.  There  were  also  indications 
from  the  Seismic  Site  Calibration  Series  that  the  areal  distribution  of  ground  surface 
velocities  in  Bearpaw  shale  was  more  like  the  distribution  in  alluvium  than  in  basalt. 

Two  phenomena  are  of  interest  in  describing  the  surface  motion  produced  by  a 
subsurface  detonation:  spall  and  gas  acceleration.  Spall  results  from  stress  wave 
interaction  with  the  medium  and  begins  upon  arrival  of  the  stress  wave  at  the  surface. 
Peak  spall  velocity  is  reached  at  a  relatively  early  time.  For  the  Dugout  experiment 
(a  row  of  five  20-ton  charges  in  basalt)  the  peak  spall  velocity  was  attained  prior  to 
30  msec  (Reference  1).  Following  the  spall  velocity  peak  there  is  a  second  rise  in 
velocity,  gas  acceleration,  due  to  continuing  expansion  of  the  explosion  product  gases. 
For  Dugout,  this  phase  began  at  30  msec  and  peaked  at  120  msec  after  detonation 
(Reference  1).  The  peak  velocity  achieved  after  the  gas  acceleration  phase  is  the 
maximum  velocity,  after  which,  in  the  absence  of  tertiary  acceleration  due  to  venting, 
the  particles  assume  freefall  trajectories. 


"  Poorly  defined  and  asymmetrical;  may  have  produced  a  mound  on  level  terrain. 
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1.3  PURPOSE  AND  SCOPE  OF  SURFACE  MOTION  STUDIES 

Ground  surface  motions  resulting  from  cratering  detonations  are  studied  to 
develop  a  general  understanding  of  the  cratering  phenomenon  and  to  provide  diagnostic 
information  concerning  cratering  physics.  For  these  purposes,  surface  motion 
measurements  are  one  of  few  practical  dynamic  measurements  of  the  cratering 
mechanism. 

The  Pre-Gondola  I  surface  motion  experimental  plan  was  designed  to  obtain  the 
following  suite  of  measurements  for  each  of  the  four  detonations. 

1.  Stress  arrival  time  and  time  of  peak  surface  velocity  at  several  ground 

positions  near  surface  ground  zero  (SGZ) 

2.  Surface  velocity  after  spall  and  after  gas  acceleration  at  several  ground 

positions  near  SGZ 

3.  Surface  velocity  as  a  function  of  ground  distance  from  SGZ 

4.  Time-dependent  profiles  of  the  rising  mound 

1.4  SCOPE  OF  REPORT 

This  report.  Part  II  of  PNE-1107,  is  the  final  report  of  surface  motion  measure¬ 
ments  for  the  Pre -Gondola  I  cratering  calibration  series.  Part  I  covers  the  crater 
measurement  study  and  ejecta  study  programs.  PNE-1107  updates  preliminary  results 
reported  in  Reference  2. 

This  report  also  contains  cratering  data  obtained  from  the  1000-pound  Seismic 
Site  Calibration  Series.  Although  intended  primarily  for  seismic  information,  these 
detonations  did  provide  useful  surface  motion  data.  The  data  are  presented  in 
Appendix  A  of  this  report. 
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CHAPTER  2 

EXPERIMENTAL  PROCEDURES 


2.1  GENERAL 

To  obtain  the  desired  surface  motion  data  for  each  of  the  four  detonations  it  was 
necessary  to  categorize  motion  into  the  following  three  general  phases  with  respect  to 
time  and  to  provide  for  the  proper  collection  of  data  in  each  time  frame: 

1.  From  the  time  of  detonation  until  after  peak  spall  velocity  is  attained  at  about 
50  msec,  a  detailed  velocity  history  of  the  SGZ  area  is  necessary.  A  data  point  every 
0.2  msec  with  an  accuracy  of  ±0.02  feet  is  desirable  during  this  time  frame. 

2.  From  the  time  of  detonation  until  the  maximum  surface  velocities  have  been 
attained  at  about  250  msec,  velocity  histories  at  several  positions  on  the  rising  mound 
are  desired.  A  data  point  for  each  position,  every  millisecond,  with  an  accuracy  of 
±0.1  feet,  is  sufficient  during  this  time  frame. 

3.  A  general  view  of  the  mound  as  it  rises  to  its  maximum  height  and  falls  to  the 
ground  is  useful.  Documentary  films  taken  at  64  frames/ sec  provided  the  required 
information  during  this  time  frame. 

To  obtain  information  during  the  first  two  time  frames  listed  above,  two  programs 
were  conducted.  The  first  was  the  falling-mass  experiment  and  the  second  was  the 
surface  target  array  program. 

2.2  FALLING-MASS  EXPERIMENT 

To  obtain  the  desired  data  during  the  first  time  frame,  two  high-speed  cameras 
were  set  to  run  at  5000  frames/  sec  with  fields  of  view  not  greater  than  60  feet  wide  by 
40  feet  high.  This  limited  field  of  view  was  required  to  secure  displacement  resolution 
within  the  required  tolerance.  With  this  limited  field  of  view,  the  reference  point 
necessarily  had  to  be  near  the  target  position.  A  falling-mass  target  had  been  used  suc¬ 
cessfully  on  two  previous  experiments  (References  1  and  3)  and  was  used  for  each  of 
the  Pre -Gondola  I  detonations. 

The  falling-mass  target  consisted  of  a  16-  X  4-foot  plywood  panel  mounted  on  a 
steel  frame  which  was  attached  to  a  6 -inch  diameter  pipe.  The  pipe  was  embedded  in 
5  feet  of  concrete.  A  bowling  ball,  painted  white,  was  suspended  at  the  top  of  the 
target  and  was  released  at  the  time  of  the  detonation  by  a  detonator  in  the  supporting 
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cord.  The  bowling  ball  (falling-mass)  served  as  a  free-falling  displacement  reference 
while  the  plywood  target  moved  with  the  rising  ground  surface. 

2.3  SURFACE  TARGET  ARRAY  EXPERIMENT 

To  obtain  a  record  of  motion  at  several  positions  on  the  rising  mound  during  the 
second  time  frame,  the  movements  of  thirteen  surface  targets  were  recorded  with 
high-speed  cameras.  The  targets,  described  below,  were  placed  in  arrays  symmetric 
about  SGZ.  Figure  2.1  shows  the  basic  array  configuration  which  was  used  on  each  of 
the  four  detonations.  Reference  targets  were  placed  45  feet  to  either  side  of  the  camera 
line-of- sight  and  200  feet  in  front  of  the  array. 


24  ft 

18  ft 

18 

12  ft 

12  ft 

12  ft 

\  i 

V  /7 

^  /7 

& 

-»-kft 


Vertical  posts  on  Bravo 
and  Charlie;  slant  posts 
on  Alfa  and  Delta 


'H 


| 

©3ft©- 


■© 


A 


A 


■k 


T 


90° 


A  -  Target  with  vertical  post 
©  -  Target  with  slant  post 

©  -SGZ  target 
S  -  Fall  ing-mass  target 


Reference  target 


45  ft 


- 45  ft 

Line  of  sight 
to  camera  station 


tf 

A 


Reference 

target 


Fig.  2.1  Surface  target  array. 
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As  shown  by  Figure  2.2,  the  surface  targets  consisted  of  3-foot  square  panels 
mounted  on  4-inch  diameter  posts  which  were  emplaced  in  concrete.  At  each  SGZ  the 
target  post  was  emplaced  to  a  depth  of  3  feet  in  the  concrete  of  the  charge  stemming 
column.  The  targets  at  positions  designated  in  Figure  2.1  were  slanted  20  degrees 
from  the  vertical  away  from  SGZ.  This  was  done  to  determine  whether  slanted  targets 
would  follow  ground  motions  without  toppling  toward  SGZ.  Toppling  of  targets  had  been 
observed  on  previous  experiments  in  which  targets  had  been  emplaced  on  vertically 
oriented  posts.  Black  nongloss 


Baritol  flares  were  placed  in  pots  which  had  been  attached  to  the  post  caps  of  the 
surface  targets.  The  flares,  designed  for  a  nominal  luminous  intensity  of  200,  000 
candlepower,  were  to  be  photographed  at  high  contrast.  If  successful,  the  resulting 
film  could  be  read  with  the  highly  automated  film  reading  system  described  in  Refer¬ 
ence  4. 

Parameters  which  describe  the  cameras  used  for  surface  motion  measurements 
are  given  in  Table  2.1.  Cameras  photographing  the  falling-mass  target  and  targets  of 
the  arrays  used  HS  Ektachrome  film,  the  flare  cameras  used  Linagraph  Shellburst 
film,  and  the  documentary  camera  used  Kodachrome  II  film, 
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TABLE  2.1  PHOTOGRAPHIC  DATA  SUMMARY 


Lens 

Field  of  View 

Actual 

Focal 

Hori- 

Verti- 

Distance 

Event 

Camera 

Speed 

Length 

zontal 

cal 

to  SGZ 

Subject 

fr/ sec 

mm 

feet 

feet 

feet 

CHARLIE 

Fa  stax  No.  1 

5573 

254 

40 

27 

1146 

Falling-mass  target 

Fastax  No.  2 

5460 

254 

40 

27 

1146 

Falling-mass  target 

Photo  sonic  s  No.  1 

871 

100 

274 

194 

2607 

Target  array 

Eastman  H.S.  No.  1 

954 

102 

232 

180 

2607 

Target  array 

Photo sonics  No.  2 

1000 

100 

274 

194 

2607 

Flares 

(nominal) 

Eastman  H.S.  No.  2 

1000 

102 

232 

180 

2607 

Flares 

(nominal) 

Milliken 

64 

18 

1565 

1114 

2607 

Documentary 

BRAVO 

Fastax  No.  1 

5428 

254 

39 

26 

1084 

Falling-mass  target 

Fastax  No.  2 

5467 

254 

39 

26 

1084 

Falling-mass  target 

Photosonics  No.  1 

813 

100 

219 

156 

2088 

Target  array 

Eastman  H.S.  No.  I 

1032 

63 

304 

234 

2088 

Target  array 

Photosonics  No.  2 

1000 

100 

219 

156 

2088 

Flares 

(nominal) 

Eastman  H.S.  No.  2 

1000 

63 

304 

234 

2088 

Flares 

(nominal) 

Milliken 

64 

18 

1255 

893 

2088 

Documentary 

ALFA 

Fastax  No.  1 

5508 

254 

61 

40 

1736 

Falling-mass  target 

Fastax  No.  2 

5400 

254 

61 

40 

1736 

Falling-mass  target 

Photosonics  No.  1 

864 

100 

265 

188 

2526 

Target  array 

Eastman  H.S.  No.  1 

890 

102 

224 

174 

2526 

Target  array 

Photosonics  No.  2 

1000 

100 

265 

188 

2526 

Flares 

(nominal) 

Eastman  H.S.  No.  2 

1000 

102 

224 

174 

2526 

Flares 

(nominal) 

Milliken 

64 

18 

1514 

1076 

2526 

Documentary 

DELTA 

Fastax  No.  1 

5385 

101 

35 

23 

398 

Falling-mass  target 

Fastax  No.  2 

5390 

101 

35 

23 

398 

Falling-mass  target 

Photosonics  No.  1 

867 

100 

208 

148 

1978 

Target  array 

Eastman  H.S.  No.  1 

990 

63 

288 

222 

1978 

Target  array 

Photosonics  No.  2 

1000 

100 

208 

148 

1978 

Flares 

(nominal) 

Eastman  H.S. 

1000 

63 

208 

222 

1978 

Flares 

(nominal) 

Milliken 

64 

18 

1190 

845 

1978 

Documentary 

2.4  DATA  ANALYSIS 

The  films  were  analyzed  with  a  30X  microscope  which  was  equipped  with  digital 
stage  position  encoders  and  a  peripheral  card  punch. 

Raw  data  from  films  of  the  falling-mass  targets  and  the  Charlie  target  array  were 
processed  by  computer.  The  computer  program  transformed  coordinates,  smoothed 
the  displacement  data  with  the  normal-curve  smoothing  operator,  and  computed  the 
velocity  components  for  each  target  as  a  function  of  time. 

Raw  data  from  films  of  the  Alfa,  Bravo,  and  Delta  arrays  were  analyzed  in  less 
detail.  The  displacement -time  data  were  manually  plotted  and  were  fitted  with  straight 
line  segments  to  ascertain  average  target  velocities  over  critical  time  intervals. 
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CHAPTER  3 
RESULTS 


3.1  GENERAL 

Because  of  certain  unanticipated  detonation  time  developments,  the  data  acqui¬ 
sition  program  was  considerably  less  successful  than  it  might  have  been.  On  each 
detonation  except  Charlie  the  photography  was  seriously  compromised  by  a  bright  flash 
of  incandescent  gas  at  SGZ.  The  gas  erupted  from  cavity  access  pipes  which  had  not 
been  adequately  stemmed  and  left  clouds  of  smoke  which  obscured  the  targets.  Photo¬ 
graphy  was  also  impaired  by  smoke  and  debris  from  the  flares  on  all  four  detonations 
and  by  the  fluffing  of  surficial  material  on  Bravo. 

The  flare  photography  was  completely  unsuccessful  because  of  the  flashes  at  SGZ 
and  the  poor  flare  performance.  The  granular  flare  material  was  ejected  from  its 
containers  upon  arrival  of  the  stress  wave  and  thus  precluded  analysis  of  the  flare 
films  on  the  automatic  film  reader. 

3.2  CHARLIE 

3.2.1  Early  Motion  at  SGZ.  Early  motion  at  a  position  7  feet  from  Charlie  SGZ 
was  measured  by  following  the  falling-mass  target  until  the  rising  ground  surface  and 
the  falling  mass  collided  at  89  msec  after  zero  time.  A  target  positioned  at  SGZ  was 
visible  in  the  high  resolution  view  of  the  SGZ  area  and  its  motions  were  also  measured 
by  use  of  the  falling-mass  reference. 

As  shown  in  Figure  3.1,  velocity  histories  for  the  two  targets  are  nearly  identi¬ 
cal.  The  falling-mass  target  exhibited  an  early  velocity  rise  to  180  ft/  sec  which  was 
produced  by  an  average  acceleration  of  375g  during  a  time  interval  from  7  to  22  msec 
after  zero  time.  The  SGZ  target  also  reached  an  early  velocity  of  180  ft/  sec,  but  the 
nature  of  the  causative  acceleration  is  not  clear. 

Although  the  initial  accelerations  decreased  abruptly  at  20  to  25  msec,  both  tar¬ 
gets  exhibited  continuing  positive  acceleration  until  50  to  60  msec.  The  final  velocity 
of  230  to  240  ft/ sec  attained  at  that  time  is  regarded  as  the  spall  velocity. 

3.2.2  Overall  Ground  Motion.  Overall  motion  from  the  time  of  detonation  to  the 
time  of  freefall  was  measured  at  several  positions  on  the  rising  mound  by  tracking 
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thirteen  targets  which  had  been  placed  at 
ground  positions  as  far  as  96  feet  from 
SGZ.  The  target  array,  shown  by  Fig¬ 
ure  2.1,  was  oriented  along  a  line  bearing 
E  15°  S.  All  but  one  of  the  targets  re¬ 
mained  in  view  for  at  least  250  msec 
after  zero  time. 

Figure  3.2  shows  the  vertical  velo¬ 
city  histories  of  the  targets.  At  all  posi¬ 
tions  the  spall  velocities  were  attained  at 
times  ranging  from  50  to  75  msec  and  the 
maximum  velocities  were  attained  at  times 
ranging  from  130  to  175  msec.  The  time 
of  maximum  velocity  was  latest  for  tar¬ 
gets  most  distant  from  SGZ.  The  difference 
between  spall  and  peak  velocity  diminished 
with  increasing  distance  from  SGZ. 

The  velocity  histories  for  seven 
of  the  targets  show  either  a  relative 
maximum  or  an  inflection  point  at  times 
ranging  from  15  to  20  msec.  While  the  nature  of  the  data  precludes  a  detailed  inter¬ 
pretation  of  such  rapid  changes  in  motion,  these  anomalies  may  indicate  early  motion 
similar  in  form  to  that  of  the  falling-mass  and  SGZ  targets. 

The  measurements  of  horizontal  motion  were  limited  to  an  evaluation  of  peak 
horizontal  velocity  at  each  target  position.  At  most  positions  the  horizontal  velocity 
reached  a  single  peak  at  a  time  which  was  20  to  100  msec  later  than  the  time  of  peak 
vertical  velocity.  However,  the  differences  between  the  times  of  vertical  and  horizon¬ 
tal  velocity  peaks  were  probably  due  to  asymmetrical  target  response  rather  than  true 
ground  motion. 

Table  3.1  is  a  summary  of  surface  motion  data  for  the  Charlie  detonation.  Shown 
are  the  vertical  spall  and  peak  velocities,  the  peak  horizontal  velocities,  and  the  peak 
resultant  velocities.  Also  shown  are  the  estimated  stress  arrival  times  and  the  times 
of  maximum  vertical  velocity. 

Transient  surface  profiles  and  the  target  trajectories  prior  to  260  msec,  the  time 
after  which  there  was  no  evidence  of  positive  acceleration,  are  shown  in  Figure  3.3.  At 
all  target  positions  except  SGZ  the  direction  of  initial  motion  was  more  vertical  than 
the  direction  of  a  radial  vector  from  the  center  of  the  charge. 


Fig.  3.  1.  Vertical  velocity  histories  for 
Charlie  SGZ  and  falling-mass 
targets. 


Vertical  velocity  —  ft/sec 


250 


Fig.  3.  2.  Vertical  velocity  histories  for  Charlie  surface  targets. 
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TABLE  3.1  SURFACE  MOTION  SUMMARY  FOR  CHARLIE  DETONATION 


Target 

Position 

Stress 

Arrival 

Time 

Spall 

Velocity 

Peak 

Vertical 

Velocity 

Time 

Peak 

Achieved 

Peak 

Horizontal 

Velocity 

Peak 

Resultant 

Velocity 

(X2  +  Y2)1/  2 

msec 

ft/  sec 

ft/  sec 

msec 

ft/  sec 

ft/  sec 

SGZ 

7  ±  2 

235  ±  10 

255  ±  12 

135  ±  10 

16  ±  3 

255  ±  12 

12* 

SE 

8  ±  3 

180  ±  10 

235  ±  12 

150  ±  10 

45  ±  4 

239  ±  12 

12' 

NW 

8  ±  2 

180  ±  10 

220  ±  12 

135  ±  10 

32  ±  4 

225  ±  12 

24' 

SE 

9  ±  2 

132  ±  8 

190  ±  10 

150  ±  10 

52  ±  4 

197  ±  10 

24' 

NW 

10  ±  2 

140  ±  8 

175  ±  10 

125  ±  10 

47  ±  4 

182  ±  10 

36' 

SE 

15  ±  2 

105  ±  6 

147  ±  8 

160  ±  10 

52  ±  4 

156  ±  8 

36' 

NW 

12  ±  2 

108  ±  6 

134  ±  8 

150  ±  10 

42  ±  4 

140  ±  8 

54' 

SE 

38  ±  5 

69  ±  5 

84  ±  6 

160  ±  10 

39  ±  4 

93  ±  6 

54' 

NW 

30  ±  5 

65  ±  5 

70  ±  5 

150  ±  10 

29  ±  4 

76  ±  5 

72' 

SE 

40  ±  5 

30  ±  4 

47  ±  4 

160  ±  10 

24  ±  4 

53  ±  4 

72' 

NW 

35  ±  5 

30  ±  4 

42  ±  4 

140  ±  10 

21  ±  4 

47  ±  4 

96' 

SE 

40  ±  5 

16  ±  3 

26  ±  4 

170  ±  10 

16  ±  3 

31  ±  4 

96' 

NW 

47  ±  5 

17  ±  3 

20  ±  4 

170  ±  10 

15  ±  3 

25  ±  4 

Fig.  3.  3.  Transient  surface  profiles  for  Charlie  detonation. 
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Fig.  3.  4.  Charlie  detonation  at  290 
msec. 


nearby  targets 


By  300  msec  after  zero  time  a 
small  cloud  of  either  dust  or  smoke  ap¬ 
peared  near  SGZ.  A  frame  from  the 
high-speed  film  at  290  msec.  Figure  3.4, 
shows  the  cloud  shortly  after  it  emerged 
at  a  velocity  of  approximately  360  ft/  sec. 
At  later  times  the  cloud  lost  momentum 
and  was  overtaken  by  the  rising  ground 
surface.  While  such  a  cloud  might  be 
regarded  as  resulting  from  the  release 
of  cavity  gases  (venting),  the  absence 
of  late-time  positive  acceleration  of 


tends  to  discount  such  an  interpretation. 


3.3  BRAVO 

3.3.1  Early  Motion  at  SGZ.  Early  motion  at  a  position  7  feet  from  Bravo  SGZ 
was  measured  by  following  the  falling-mass  target  until  the  falling  mass  was  obscured 
by  high-velocity  surficial  particles  at  55  msec  after  zero  time. 

As  shown  by  the  vertical  displacement  and  velocity  histories.  Figure  3.5,  the 
target  attained  a  spall  velocity  of  155  ft/ sec  at  40  to  45  msec  after  zero  time.  The 
relatively  gradual  rise  in  velocity  does,  however,  suggest  that  the  target  may  have 
sunk  into  the  ground  during  the  period  of  maximum  acceleration.  This  could  not  be 
directly  verified  because  the  target  base  was  obscured  by  smoke. 

3.3.2  Overall  Ground  Motion.  The  array  of  surface  targets  for  Bravo,  shown 
in  Figure  2.1,  was  arranged  along  a  line  bearing  E  30°  S.  Ten  of  the  thirteen  targets 
could  be  followed  at  early  times,  but  only  five  remained  visible  at  the  times  of  maxi¬ 
mum  velocities. 

Because  of  missing  data  and  the  relatively  large  displacement  uncertainties 
introduced  by  partial  obstruction  of  the  targets,  a  refined  analysis  of  the  data  was  not 
warranted.  Instead,  the  displacement -time  data  were  simply  hand-plotted  and  fitted 
with  straight  line  segments  to  determine  average  velocity  during  certain  critical  time 
periods. 

Vertical  motion  at  SGZ  is  shown  in  Figure  3.6.  The  di splacement-time  data 
from  20  to  240  msec  were  appropriately  fitted  by  two  straight  lines,  the  slopes  of  which 
were  155  ft/  sec  from  20  to  50  msec  and  200  ft/ sec  from  60  to  240  msec.  These  slopes 
are  regarded  as  the  spall  and  peak  velocities,  respectively.  The  increase  in  velocity 
which  indicated  gas  acceleration  took  place  at  50  to  70  msec. 

The  velocities  of  each  remaining  target  were  determined  in  the  manner  described 
above  and  all  data  are  summarized  in  Table  3.2. 


Time  —  msec 

Fig.  3.  5.  Vertical  displacement  and 

velocity  histories  for  Bravo 
falling-mass  target. 


Time  —  msec 


Fig.  3.6  Vertical  displacement  and 

velocity  histories  for  Bravo 
SGZ  target. 


Transient  surface  profiles  and  the  target  trajectories  from  the  time  of  detonation 
to  the  time  of  freefall  are  shown  in  Figure  3.7.  One  distinctive  feature  of  the  rising 
mound  was  a  spray  of  fine  surficial  particles  over  a  region  roughly  defined  by  the 
central  dome.  A  frame  from  the  high-speed  film  at  100  msec,  Figure  3.8(a),  shows 
this  spray  of  particles.  While  some  particles  were  cast  upward  at  velocities  approach¬ 
ing  600  ft/ sec,  a  velocity  of  about  350  ft/ sec  is  more  typical  for  the  surficial  particles. 

Another  feature  of  the  rising  mound  was  the  formation  of  large  blocks  from  the 
6 -foot  deep  layer  of  clay  shale  overburden.  A  frame  from  the  high-speed  film  at 
300  msec,  Figure  3.8(b),  shows  the  surface  crack  pattern  which  is  indicative  of  this 
phenomenon.  The  large  blocks  remained  intact  during  ballistic  flight  and  produced 
large  impact  craters,  some  of  which  were  noted  at  locations  relatively  distant  from 
SGZ. 


3.4  ALFA 

3,4.1  Early  Motion  at  SGZ.  The  measurements  of  early  motion  near  Alfa  SGZ 
were  seriously  compromised  by  smoke  and  flaming  gases  which  erupted  from  the 
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TABLE  3.2  SURFACE  MOTION  SUMMARY  FOR  BRAVO  DETONATION 


Target 

Position 

Stress 

Arrival 

Time 

Spall 

Velocity 

Peak 

Vertical 

Velocity 

Time 

Peak 

Achieved 

Peak 

Horizontal 

Velocity 

Peak 

Resultant 

Velocity 

(X2  +  Y2)1/2 

feet 

msec 

ft/  sec 

ft/  sec 

msec 

ft/  sec 

ft/  sec 

SGZ 

6  ±  2 

155  ±  8 

200  ±  12 

60  ±  10 

0 

200  ±  12 

12'  SE 

- 

176  ±  10 

60  ±  10 

44  ±  4 

184  ±  11 

24*  NW 

15  ±  5 

133  ±  6 

- 

- 

- 

36'  SE 

20  ±  5 

60  ±  5 

- 

- 

- 

- 

36'  NW 

15  ±  5 

72  ±  5 

- 

- 

- 

- 

54'  SE 

20  ±  5 

51  ±  5 

82  ±  5 

120  ±  10 

28  ±  4 

87  ±  6 

54'  NW 

20  ±  5 

51  ±  5 

- 

- 

- 

- 

72'  SE 

- 

40  ±  4 

- 

- 

- 

- 

72'  NW 

15  ±  5 

33  ±  4 

39  ±  4 

150  ±  10 

20  ±  4 

44  ±  6 

96'  SE 

30  ±  5 

19  ±  4 

- 

- 

- 

- 

96»  NW 

20  ±  5 

20  ±  4 

34  ±  4 

200  ±  10 

8  ±  3 

35  ±  5 
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(a)  100  msec 


(b)  300  msec 


Time  —  msec 

Fig.  3.  9.  Vertical  displacement  and 
velocity  histories  for  Alfa 
falling-mass  target. 


Fig.  3.  8.  Bravo  detonation  at  100  and 
300  msec. 


explosives  emplacement  pipe.  In  addition  to  the  falling-mass  target,  the  targets  at, 
and  12  feet  to  either  side  of,  SGZ  were  obscured  at  7  msec.  All  targets  except  the 
SGZ  target  did,  however,  reappear  at  later  times. 

The  falling-mass  target,  which  was  originally  positioned  7  feet  from  SGZ,  was 
observed  during  a  time  interval  from  53  to  130  msec  after  zero  time.  As  shown  in  the 
vertical  displacement  and  velocity  histories,  Figure  3.9,  the  velocity  of  the  falling- 
mass  target  reached  150  ±  5  ft/ sec  at  about  70  msec  and  remained  nearly  constant. 
This  occurrence  is  noteworthy  because  most  of  the  other  targets  exhibited  a  slight 
second  positive  acceleration  at  times  ranging  from  80  to  120  msec. 

3.4.2  Overall  Ground  Motion.  The  surface  targets,  shown  in  Figure  2.1,  were 
arranged  along  a  line  oriented  E  42°  S.  Nine  of  the  thirteen  targets  could  be  followed 
at  early  times  and  eleven  could  be  followed  at  the  times  of  maximum  velocities.  The 
SGZ  target  was  lost  at  7  msec  and  never  reappeared.  Fortunately,  the  crest  of  the 
mound  was  well  defined  and  its  vertical  velocity  could  be  determined  at  times  later 

than  about  100  msec. 


22 


Table  3.3  is  a  summary  of  surface  motion  data  for  the  Alfa  detonation. 

The  transient  ground  surface  profiles  and  the  target  trajectories  prior  to  280  msec 
are  shown  in  Figure  3.10. 


TABLE  3.3  SURFACE  MOTION  SUMMARY  FOR  ALFA  DETONATION 


Target 

Position 

Advent 

of 

Motion 

Peak 

Spall 

Time 

Peak 

Spall 

Achieved 

Peak 

Vertical 

Velocity 

Time 

Peak 

Achieved 

Peak 

Horizontal 

V  el  o  city 

Peak 

Resultant 

Velocity 

(X2  +  Y2)1/2 

feet 

msec 

ft/  sec 

msec 

ft/  sec 

msec 

ft/  sec 

ft/  sec  ~ 

SGZa 

- 

- 

- 

167  ±  10 

100  ± 

10 

- 

167  ±  10 

12'  SE 

14  ± 

4 

199  ±  8 

16  ±  4 

153  ±  8 

110  ± 

10 

56  ±  5 

163  ±  8 

12'  NW 

16  ± 

4 

132  ±  8 

18  ±  4 

156  ±  8 

110  ± 

10 

59  ±  5 

167  ±  8 

24'  SE 

20  ± 

5 

105  ±  8 

22  ±  4 

125  ±  8 

120  ± 

10 

39  ±  4 

131  ±  8 

24'  NW 

16  ± 

5 

100  ±  8 

18  ±  4 

115  ±  8 

110  ± 

10 

38  ±  4 

121  ±  8 

36'  SE 

18  ± 

5 

80  ±  6 

20  ±  4 

94  ±  6 

110  ± 

10 

40  ±  4 

102  ±  6 

36 »  NW 

18  ± 

5 

78  ±  6 

20  ±  4 

105  ±  6 

- 

33  ±  4 

110  ±  6 

54'  SE 

20  ± 

5 

69  ±  6 

24  ±  4 

- 

- 

31  ±  4 

- 

54'  NW 

16  ± 

5 

56  ±  6 

18  ±  4 

84  ±  6 

160  ± 

10 

31  ±  4 

90  ±  6 

72'  SE 

- 

- 

- 

37  ±  4 

180  ± 

10 

25  ±  4 

45  ±  4 

72'  NW 

- 

- 

- 

41  ±  4 

150  ± 

10 

25  ±  4 

48  ±  4 

96'  SE 

- 

- 

- 

28  ±  4 

150  ± 

10 

21  ±  4 

35  ±  4 

96*  NW 

20  ± 

5 

21  ±  4 

20  ±  4 

34  ±  4 

200  ± 

10 

20  ±  4 

39  ±  4 

Crest  of  mound  rather  than  target. 


-120  -100  -80  -60  -40  -20  0  20  40  60  80  100  120 


Distance  from  ZP  — ft 

Fig.  3.10  Transient  surface  profiles  for  Alfa  detonation. 
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3.5  DELTA 


As  was  the  case  for  the  Alfa  detonation,  a  flash  of  smoke  and  burning  gases 
erupted  from  the  explosives  emplacement  pipe  during  the  Delta  detonation.  The  bright¬ 
ness  of  the  burning  gases  obliterated  the  film  images  of  all  targets  for  60  msec  after 
zero  time.  By  that  time  the  targets  had  either  attained,  or  were  rapidly  approaching, 
their  maximum  velocities.  Spall  velocity  could  not  be  determined  for  any  of  the  targets. 

The  motions  of  all  thirteen  targets  could  be  determined  during  a  time  interval 
from  80  to  250  msec  and  all  targets  appeared  to  be  in  ballistic  trajectories.  The  maxi¬ 
mum  vertical,  horizontal,  and  resultant  velocities  of  the  targets  are  summarized  in 
Table  3.4. 

Shown  in  Figure  3,11  are  the  transient  surface  profiles  and  the  target  trajectories 
through  280  msec.  The  average  preshot  ground  slope  of  about  4  degrees  had  a  notice¬ 
able  effect  on  the  direction  of  ground  motions.  The  envelope  of  fragments  migrated 
downhill  during  the  period  of  mound  growth  and  collapse  with  an  average  horizontal 
velocity  of  about  5  ft/  sec. 


TABLE  3.4  SURFACE  MOTION  SUMMARY  FOR  DELTA  DETONATION 


Target  a 
Position 

Peak 

Vertical 

Velocity 

Peak 

Horizontal 

Velocity 

Peak 

Resultant 

Velocity 

ft/  sec 

ft/  sec 

sec 

SGZ 

139 

± 

8 

7  ± 

2 

139 

±  8 

12* 

SE 

126 

± 

8 

28  ± 

4 

129 

±  8 

12* 

NW 

124 

± 

8 

14  ± 

3 

128 

±  8 

24' 

SE 

115 

± 

8 

39  ± 

4 

122 

±  8 

24' 

NW 

100 

± 

8 

28  ± 

4 

104 

±  8 

36* 

SE 

88 

± 

6 

41  ± 

4 

97 

±  6 

36' 

NW 

75 

± 

6 

31  ± 

4 

79 

±  6 

54* 

SE 

53 

± 

6 

30  ± 

4 

60 

±  6 

54' 

NW 

45 

± 

6 

21  ± 

4 

50 

±  6 

72' 

SE 

28 

± 

4 

20  ± 

4 

33 

±  4 

72' 

NW 

27 

± 

4 

14  ± 

3 

30 

±  4 

96* 

SE 

12 

± 

4 

16  ± 

4 

20 

±  4 

96* 

NW 

15 

± 

4 

10  ± 

2 

18 

±  4 

aThe  target  array  was  oriented  E  23®  S. 
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Dlspl  acement 


Distance  from  ZP  —  ft 


Fig.  3.11.  Transient  surface  profiles  for  Delta  detonation. 
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CHAPTER  4 

DISCUSSION  AND  INTERPRETATION 


4.1  GENERAL 

Ground  motions  produced  by  the  Alfa,  Bravo,  and  Charlie  detonations  resulted 
from  a  large  initial  acceleration  (spalling)  followed  by  a  slight  second -stage  accelera¬ 
tion  (gas  acceleration).  The  same  phenomena  probably  occurred  during  the  Delta 
detonation,  but  the  measurements  were  incomplete  and  inconclusive.  Motion  resulting 
from  two  accelerations  has  been  observed  for  cratering  detonations  of  widely  varied 
yields  in  various  media.  Unique  to  the  Pre-Gondola  I  detonations,  however,  was  an 
absence  of  a  distinguishable  venting  phenomenon. 

On  each  of  the  four  detonations  the  relatively  smooth  mound  of  earth  cast  upward 
by  the  force  of  the  explosion  developed  into  a  well-defined,  almost  cylindrical,  envelope 
of  fragments.  Several  seconds  after  detonation,  when  most  debris  was  falling,  large 
quantities  of  white  smoke,  or  steam,  were  expelled  horizontally  along  the  ground  sur¬ 
face.  These  late-time  phenomena  were  somewhat  different  from  those  commonly  ob¬ 
served  for  cratering  detonations  in  hard  rock  and  desert  alluvium.  In  such  media  the 
second  surface  acceleration  terminates  in  a  catastrophic  eruption  of  cavity  gases  and 
dust  (venting)  ’ 

4.2  COMPARISON  OF  PRE -GONDOLA  I  SURFACE  VELOCITIES  WITH  THOSE  OF 
DETONATIONS  IN  OTHER  MEDIA 

In  order  to  compare  the  observed  surface  velocities  of  the  Pre-Gondola  I  detona¬ 
tions  with  those  resulting  from  other  detonations,  the  data  must  be  normalized  by  some 
form  of  scaling.  For  this  discussion,  the  surface  velocities  are  assumed  to  be  func¬ 
tions  of  the  cube -root  scaled  charge  burial  depth  and  the  geologic  medium. 

In  Figures  4.1  and  4.2,  the  SGZ  spall  and  peak  velocities  observed  for  the  Pre- 

Gondola  I  detonations  are  compared  with  similar  velocities  for  detonations  in  other 

media.  Figure  4.1  shows  the  SGZ  spall  velocity  versus  the  scaled  depth  of  burst 

DOB/W1/3,  A  ,  for  nuclear  detonations  in  basalt  and  high  explosive  detonations  in 

basalt,  alluvium,  rhyolite,  and  shale.  The  Pre-Gondola  I  spall  velocities  appear  to  be 

consistent  with  the  spall  velocities  from  high  explosive  detonations  in  basalt  ,  are 
1  0  2 
greater  than  the  velocities  for  high  explosive  detonations  in  alluvium  and  rhyolite 
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Depth  of  burst  —  ft/kt^ 


Fig.  4.1  Comparison  of  Pre-Gondola  I  Fig.  4.2  Comparison  of  Pre-Gondola  I 

SGZ  spall  velocities  with  those  SGZ  peak  velocities  with  those 

from  detonations  in  other  media.  from  detonations  in  other  media. 

7  8 

and  are  greater  than  velocities  for  nuclear  detonations  in  basalt.  *  Similar  observa¬ 
tions  are  indicated  for  the  SGZ  peak  velocities,  which  are  plotted  in  Figure  4.2. 

The  data  in  Figures  4.1  and  4.2  can  be  described  by  equations  of  the  following 

form: 

VQ  =  k1  A"n  (4.1) 

in  which  VQ  =  characteristic  SGZ  velocity,  such  as  spall  or  peak  velocity  (ft/  sec) 

A  =  DOB/W*^  =  scaled  depth  of  burst  (ft/kt^^); 

DOB  =  depth  of  burst  (feet)  and  W  =  explosive  energy  yield  (kt) 

k^  =  a  constant  dependent  upon  the  nature  of  the  cratering  medium,  the 

particular  velocity  under  study,  and  the  type  of  explosive,  but  apparently 
independent  of  the  depth  of  burst  and  explosive  yield 

n  =  a  constant  primarily  dependent  upon  the  nature  of  the  medium 
For  the  SGZ  spall  velocities  (shown  in  Figure  4.1)  the  value  of  n  in  Equation  4.1 
which  best  describes  the  data  for  high  explosive  detonations  in  shale  and  basalt  is 
1.5  ±  0.2.  For  the  SGZ  peak  velocities  (shown  in  Figure  4.2),  the  value  of  n  for  shale 
is  2.1  ±  0.2.  The  lines  in  Figure  4.2  are  nearly  parallel,  however,  and  all  data  for 
high  explosive  detonations  in  media  other  than  alluvium  could  be  represented  by  an 
n  value  of  1.7  ±  0.3. 
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4  3  SURFACE  VELOCITIES  RELATED  TO  PRESHOT  RADIAL  DISTANCE 
TO  ZERO  POINT 

One  reasonable  way  to  interpret  surface  motion  data  is  to  develop  empirical 
relationships  between  observed  features  of  motion  and  time  and  spatial  target  positions. 
To  a  first  order  of  approximation,  it  is  appropriate  to  use  as  a  measure  of  target 
position  the  radial  distance,  R,  between  the  preshot  position  of  the  target  base  and  the 
center  of  the  energy  source  (zero  point-ZP).  Consider  the  following  relationship 
between  surface  velocity  and  target  position: 

V  =  kQR  n°  (4-2) 

in  which  V  =  any  typical  velocity  (such  as  vertical  spall  velocity  or  peak  resultant 
velocity) 

R  =  radial  distance  from  the  center  of  the  energy  source  (ZP)  to  the  preshot 
position  of  the  target  base 

kg  =  a  constant  determined  by  the  particle  velocity  under  study,  the  cratering 
medium,  depth  of  burst,  explosive  yield,  type  of  explosive,  etc. 

n^  =  an  empirically  determined  constant  dependent  on  much  the  same  para¬ 
meters  as  is  kQ,  but  primarily  dependent  upon  the  particular  velocity 
and  cratering  medium 

In  Figure  4.3  the  vertical  component  of  spall  velocity  has  been  plotted  as  a  func¬ 
tion  of  the  radial  distance,  R,  for  each  target  of  the  Alfa,  Bravo,  and  Charlie  arrays. 
(Spall  velocities  for  Delta  could  not  be  measured.  )  The  three  sets  of  data  may  be 
fitted  by  straight  lines  of  nearly  equal  slope.  The  line  slopes  have  values  for  nQ  in 
Equation  4.2  of  -2.6  for  the  Alfa  and  Charlie  data  and  -2.5  for  the  Bravo  data. 

Similarly,  the  peak  resultant  velocities  for  the  targets  of  all  four  detonations  are 
plotted  in  Figure  4.4.  The  data  may  be  fitted  by  curves  which  give  values  for  nQ  in 
Equation  4.2  of  -2.2  ±0.1  for  the  Alfa,  Bravo,  and  Charlie  detonations  and  -2.9  for  the 
Delta  detonation. 

For  comparison,  spall  velocity  data  indicate  that  a  nQ  value  of  -6.0  is  appropriate 
for  either  high  explosive  or  nuclear  detonations  in  Buckboard  Mesa  basalt  (Reference  9) 
Peak  resultant  velocity  data  for  the  Scooter  detonation  in  desert  alluvium  are  described 
bv  a  value  for  n„  of  -2.28  (Reference  6).  It  may  be  surmised,  therefore,  that  the  rate 
of  decrease  of  velocity  with  radial  distance  for  the  Pre-Gondola  I  detonations  is  much 
more  gradual  than  for  detonations  in  basalt,  but  is  comparable  to  the  rate  of  decrease 
for  a  detonation  in  desert  alluvium. 
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Peak  resultant  velocity  —  ft/sec 


Fig.  4.  4.  Peak  resultant  velocity  as  a  function  of  Radial 
distance  for  all  four  detonations. 
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CHAPTER  5 
CONCLUSIONS 


1.  The  peak  SGZ  velocities  exhibited  for  the  Pre-Gondola  I  detonations  were 
significantly  larger  than  those  recorded  for  high  explosive  or  nuclear  detonations  in 
Buckboard  basalt  and  alluvium  and  slightly  larger  than  the  velocities  observed  during  a 
high  explosive  cratering  detonation  in  rhyolite. 

2.  The  spall  and  peak  SGZ  velocities  for  the  Pre-Gondola  I  detonations  are  best 
related  to  the  cube-root  scaled  burial  depth.  A,  as  follows: 

V  oc  A~n 
0 

in  which  n  =  1.5  ±  0.2  for  spall  velocities  and  2.1  ±  0.2  for  peak  SGZ  velocities. 

3.  The  decay  of  surface  velocities  with  distance  from  SGZ  for  the  Pre-Gondola  I 
detonations  was  more  gradual  than  for  previous  detonations  in  basalt  or  ryholite.  The 
Pre-Gondola  I  velocity  decay  with  distance  from  SGZ  was  similar  to  high  explosive 
experience  in  alluvium,  although  the  alluvium  velocities  were  much  lower.  The  velocity 
decay  exhibited  by  an  individual  Pre -Gondola  I  detonation  can  be  expressed  by  relating 

a  characteristic  surface  particle  velocity,  V  (such  as  spall  or  peak  resultant  velocity), 
to  that  particle1  s  preshot  radial  distance  from  the  center  of  the  energy  source,  R,  as 
follows: 

“nn 

V  oc  R  0 

in  which  nQ  =  2.6  ±0.1  for  spall  velocities  and  2.2  ±  0.1  for  peak  resultant  velocities 
for  the  three  shallower  detonations.  For  the  Delta  Event,  the  deepest  detonation,  no 
spall  velocities  were  obtained,  but  the  decay  of  peak  resultant  velocity  was  character¬ 
ized  by  n^  =  2.9  ±  0.2. 
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APPENDIX  A 

SURFACE  MOTION  MEASUREMENTS,  PRE -GONDOLA 
SEISMIC  SITE  CALIBRATION  SERIES 
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TABLE  A.  1  SURFACE  MOTION  SUMMARY  FOR  PRE -GONDOLA  SEISMIC  SITE 
CALIBRATION  SERIES 


Shota 

Burial 

Depth 

Maxi¬ 

mum 

SGZ 

Velocities 

P re shot 
Target  b 
Position 

Target  Velocity  when 
Mound  Achieved  Freefall 

X  Y  (X2+Y2V2 

Time  to 
Mound 
Freefall 

feet 

ft  /  sec 

feet 

ft/  sec 

ft/  sec 

ft/  sec 

msec 

-24 

-21 

18 

28 

-16 

-33 

38 

50 

-8 

-18 

84 

86 

SC-1 

19.1 

110 

0 

- 

104 

104 

200 

8 

33 

64 

72 

16 

16 

40 

43 

24 

17 

16 

23 

-24 

-31 

25 

40 

-16 

-48 

66 

82 

-8 

-40 

141 

147 

SC -2 

15.8 

189 

0 

- 

184 

184 

200 

8 

43 

133 

140 

16 

47 

65 

80 

24 

22 

28 

36 

-24 

-18 

28 

33 

-16 

-17 

52 

55 

-8 

-20 

64 

67 

SC -3 

23.3 

78 

0 

- 

70 

70 

250 

8 

9 

52 

53 

16 

25 

22 

33 

24 

17 

13 

21 

-24 

-26 

15 

29 

-16 

-32 

70 

77 

-8 

-38 

150 

155 

SC -4 

12.2 

235 

0 

- 

215 

215 

140 

8 

49 

170 

177 

16 

54 

73 

91 

24 

11 

18 

23 

aAll  charges  were  1000  pounds  of  nitromethane. 


^Ground  distance  from  SGZ;  (+)  and  (-)  directions  are  arbitrary. 
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Displacement 
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Fig.  A. 3.  Transient  surface  profiles  and  target  trajectories  for  SC-3  detonation. 


3^ 


APPENDIX  B 

PRE -GONDOLA  I  TECHNICAL  REPORTS 
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PRE  -GONDOLA  TECHNICAL  REPORTS 
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W.  W.  Dudley 

PNE  1101 
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Technical  Director’s 
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process  disclosed  in  this  report  may  not  infringe  privately  owned  lights;  ot 

B  Assumes  any  liabilities  with  respect  to  the  use  ot.  or  to;  damages 
resulting  from  the  use  ot  any  information,  apparatus,  method  or  process  dis¬ 
closed  in  this  report 

As  used  in  the  above  "person  acting  on  behalf  of  the  Commission" 
includes  any  employee  or  contractor  ot  the  Commission,  or  employee  ot  such 
contractor,  to  the  extent  that  such  employee  or  contractor  ot  the  Commission, 
or  employee  ol  such  contractor  prepares,  disseminates  or  provides  access  to. 
any  information  pursuant  to  his  employment  ot  contract  with  the  Commission. 


